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QUANTIFICATION OF URANIUM TRANSPORT AWAY FROM FIRING SITES AT
LOS ALAMOS NATIONAL LABORATORY-A MASS BALANCE APPROACH

by: Naomi M. Becker
Environmental Protection Group (EM-8)

Los Alamos National Latx)ratory
Las A1amos, New Mexico 87545

ABSTRACT’

Investigations were conducted at Las Atamos National Laboratory to
quantify the extent of migration of depleted uranium away from firing
sites. Extensive sampling of air particles, soil, sediment, and water was
conducted to establish the magnitude of uranium contamination
throughout one watershed. The uranium source term was estimated, and
mass balance calculations were performed to compare the percentage UC
migrated uranium with original expenditures. Mass balance calculations
can be powerful in identification of the extent of waste migration and used
as an aid in planning future waste investigations.

DESCRIPTION OF THE PROBLEM

LOSAliimos Nationid Li]boratory routinely collects and iinillyzes wiiter, soil,
sedimeni, Pilrtic.uliittmaterii]ls, vegetation, ilnd biota for chemiciil iird rildi~~hemi~iil
constituents I() iiss~ss the Labmiltmy”s impilct on the environment, During IYH3, fish
collected from ii rtsewoir downstream from Ihe Laboratory exhihitd elevilted levels of
uriinium thilt were stii[isti~[illy significant. Investigations were initiated to determine if
this eleviIIwl urimium could k due 10 offsite transport of urilnium which is used in
dynilmic w~iipl)ns testing i~t Laboriltory firing sites ild to quantify the extent of
migriltion within the watershed,

During ii #ynilmic weapon:+test, depleted uranium is substituted for enriched
urilnium in a wenpons component. The compment is then explosively de~onuttd, (w is
impacted tigilinst i~tilrget in the open ;~irenvironment, This rwrlts in both the producti~m
t}f il wide rnrrgeof depl~ted ur~inium pilrti~le!t as well us purlicle sciltlering twer ii huge
dkdilrtti~ i~wiiy from [he firing pad. “~heexplosive detonalitm process ot’ Miil

distrihutitm (nwr [hc wntershed distinguishes this contilmirmn[ trilnsp~rt pr[ddems t’r{}m
[l[hers where Ihc stmrce term is spntially discrete (e.g., [rwrsp~rl away from II wnsIe pile
t]r Iandt’ill, )



SETTING AND SOURCE TERM DESCRIPTION

Although there are numerous watersheds nt the Laboratory which contain firing
sites where dynamic tests iir~ conducted, investigations were confined to one watershed
named Potrillo Canyon. Potrillo Canyon was selected becfiuse of its Sr’tlilll size, it is
contained entirely within the Laboriitory boundaries, it is limited to public access, and
contains five firing sites, four of which remain active today, Potrillo Ciinyrm is about 7,PI
km2 in area, 8 km in length, and is relatively steep, with an average gradient of 3 percent.
The watershed is characterized by tlat mesa tops leading to nearly vertical canyon walls
which terminate in large tnlus piles of boulders of Bnndelier Tuff, ;] volcanic rock
composed of ash flows and ash falls.

In terms of historical usage of uranium, it has been estirnfited that between 85,()()()
and 105,000” kg of depleted and natur;ll uranium has been expended by LOS Alamos
Naticmtil Laboratory since the 1940’s. Uri~nium usnge was greatest during the e;~rly ye;lrs
of L.iibor; ]tory operation; it is assumed that ;is much as 45,000 kg of (depletedj uraniul~l
was used between 1943 and 1953, A c~mservative estimate of the tt~t;ll ur;mium s(mrce
term in Potrillt) C;lnyon is i]bt)ut 35,()()() kg(1),

RESULTS OF DEPLETED URANIUM SAM I’LING IN SOIL, SEDIMENT, AIR, AND
WATER

Mtm than 450 samples t~f fallout from ;Iir, soil, sediment, ,;rrd water and
suspended sediment in spring/summer/autumn runoff were collected be:weert 19H3 and
IW() ;~nd ;inalyzed for !~~tal uranium to evaluate the mi]gnitude of transport of ur;inium
iiw;iy from I Irirtg sites by ;Iirborrte and surface water runoff mechanisms, Results ti)r the
maximum, minimum and nwrn valurs are presented in T;ible 1. Backgr(mnd levels of
uranium in fallout r;lnge t’r[)m I -(~ l@g, in soil from 2-5 pg/g, and in waler about 1 pph
( I), The grei]test cuncerttri~tions of urilnium were f nrnd in transported susplmdvcl
sediment carried in run~~ff w;lters where average cortcenlr;~tions were 5 I I @g, f~dl(~wed
hy sediment present in stream banks where average c(mcentriltions were 42i2 @g,
Tiible 1. Av~riig~ c(mcentratiorts of 17,5 pg/g were observed in geornorphologic dep(~sits
~u~h ;)s illluvi:ll fans ;Ind point biirs, Average uri~nium concentriltions dissolved in rum)tl’
w;llcrs of I l,9 ppb v’ere ;Ilso f(mad to he el~v;itcd :Ibove background ctmcentr;~lions,
Uranium present in fallout ilnd in surface s(~ils were f(nrnd to he ilt (Jr slightly :IIWJVC
l};l~kgr(~und ~~~n~kntratl(~ns in moSI s;lmples, which indic:~ted that i)irh)rne tr;~nsp(~rt ;Ind
wind redistributi[m is n~~lsignificant in mobilization” [)t’ ur:lnium aw;Iy t’r[~m firing sites.
(Jraniurn ctmcentrati(ms in rumlt’t’ in the disst~lvtid ;~nd suspended scdirncnt philsvs wurc
timnd It) dectlinu with Awrrstrtam directi[m in tlw watershd. wilh the Iargtsl
~’t)ncenlr;lti(ms Iwh)w two t’iring situs near the Iop ot I!W watcrshvd, implying tm)th
diluti~~n and ct)ntaminant dcptwilitm ill IIIL* distill diructi(m,

MASS IIAI,AN(’E C’AI,CIJI.A’I’IONS



preferentially accumulating in the watershed. Calculations were made considering
uranium concentrations above background of (1) 3 ppm (by weight) along the entire
channel length and width to a depth of 0,1 m in the channel bed; (2) 3.5 ppm above
background along the entire channel length on both banks extending 1 m from the bank
edge and 0.1 m depth; (3) 7 ppm in an estimated 30 point bars deposits upstream from the
discharge sink; (4) 9 ppm in 2 major alluvial fans; and (5) 1 ppm above Imckground in a
0.2 m depth profile within the discharge sink, For each of these 5 regions, soil masses
were multiplied by soil concentrations to obtain uranium volumes. For the channel and
bank segments, point bar deposits and major alluvial fans upstream of the discharge sink,
it was estimated that between 100 and 3(M)kg of uranium are present. This quantity
represents less than 1 percent of the estimated total uranium expenditure (35,000 kg).

From these data it maybe concluded that most of the uranium mas%1) is not tied
up in the fluvial sediments, 2) has already left the watershed or 3) remains on the firing
sites, Flow ml uranium loss can occur by vertical flow (infiltration) in the discharge
sink or through horizontal flow out the wi~tershed, Infiltration and surface water losses
are considered separately.

Examining the volume of unmium which enters the discharge sink. there me
dissolved and suspended uranium components, Assuming an annual total inflow of 5200
m3 (measured during 1990) and tin average dissolved uranium concentration of 1.86 ppb
(mensured between IY84 and IWO), then 9,5 g of uranium annually iir~ carried in the
dissolved phmw. Over 45 years of operation this would amovnt to nn influx of about 0.5
kg of dissolved uranium transported into the discharge sink, or less Ihan 1 percent of the
estimated 35,000 kg source term.

The ilverage annuiil suspended sediment loIId was calculated hy assuming the
suspended IWICIto he 5 percent of the average discharge hild upon Vkiil ohserv;ltions
of the volume of su ;pmled sediment whkh Wiis collected in cumdiitk siimplers
emplaced throughout the wntershed. Using a range of 35,0M to 1,400,000 kg/kmz/yr (3)
ilnd multiplying by ilrl average suspended sediment unmium concenlriltions of M I ppm
by weight (measured), the iiverilge annual urmium intlux into Ihe dischnrg~’sink ri~rtgtd

from I to 36.5 kg/yr. The combined dissolved and suspended sediment influx to the
dischwge sink over the 45 yenrs constituted between (). I imd 4.7 percent of the 35,0W kg
urilnium source l~rm.

It’ large volumes of dcplttcd uranium hild exited the watershed throu h surfmx
1wattr transport ilt the outlet, N depleted urnnium signature observtihle tlnlmg inspection

~lf the r;l[io of ur~lnium-2M to urnniurn 23$! is expected to hnve rcmuined in the .sedimt!nts
ill the lower hiilf of [he wiltershed. Becaust’ Iitlle depieted urmliurn signi~[urewi~~
olwcrved in sediments in the chunnel, banks, ilnd ll(~ldplnin downs[renrn td’ the di.whargt
sink, and it WIINinferred through chemiml [ml [ieriill phi}togrupkic di~t~lthilt Ihert h:ls
htwn Iiltle transp~rt :Icr(tss the diw-hmge sink during the I:isf 23 yems, it was asswrncd[hi~l
nllml [d’ the ur:mium must renmin in the watershed.

A swxmd ~vllculali(m wi~smade t{] dctmminc whi~t the concrntrn[i[ms of uranium
in rumd’t’w:llcr shiwld Iw if 1111Ihe urnniurn expended were uniti)rmly diswdvcd in
prm’ipitntitm tm an nnnuill Iwsis. C’onsid~ring [1,5 m of pre~ipitntion Imnunlly [~nr.1thil~N)
prr~wn[ t]f Ihc prc~’ipiiatitm is I(M 10cvil]n}ri~tit~n, Iranspirati(m Imd inflhrnti:m, then,



Dissolved Concentration
= 35,000 kg / (0.2)(0.5 m)(7.8 km2)(45 ws)
m 1 ppm. (Eq. 1)

A dissolved concentration of one ppm is an underestimate because not all precipitation
contacts the uranium; expected concentrations would be even higher. The dissolved
concentration of 1 ppm exceeds observed dissolved uranium concentrations in mnoff
water by 2 to 3 orders of magnitude. Clearly, high dissolved uranium concentrations in
surface water are not observed and dissolved transport in surface water is not a main
uranium transport mechanism.

The argument that most of the uranium mass has left the watershed either by
movement into the discharge sink (dissolved phase) or by flowing past the watershed
outlet is rejected. Calculations showed that the fluvial sediment contain less than 5
percent of the expended mass. The only plausible location for the remaining uranium is
at or near the firing sites.

Results from an aerial radiological flyover in 1982 (4) estimated that between 4
and 23 Curies of Protxrctinium-234m (Prt-234m) remained near three iiring sites in the
watershed, the variability dependent on the estimated vertical distribution. [t is
reasonable to assume equilibrium between Pa-234m and uranium-23tl (U-23H) because
the half-life decny from uranium-238 to Protiwtiniurn is short, on the order of about a half
year, whereas the half-life of uranium-238 is long, on the order of 4.5 x 109 yews, Then
assuming this equilibrium (equality between Pa-234m nml U-238), an estimated 4-23
Curies of urwtium remain at the three firing sites. Multiplying Curies by 3.003 x 1(16to
convert to kilograms, the amount of urnnium still remriining at the firing sites is
cdculiited to range from 12,000 to 69,(IOO kg, bracketing ihe estimiited 35,()(N) kg
uranium expended in Potrillo Cmtyon.

Consider this hypothesis from another viewpoint. If all the 35,000 kg of uranium
were siturlted at the three firing sites, then what magnitude of soil concentration would he
expected? Assuming the cordnmimded area is 26,(N)0 m’ from measurements with an
msumcd uniform concentration to(),6m depth,

Soil Concentrfili&t
= 35,()(N) kg / [26,(NN) m~ x 19 g/cmJ)
w 72 ppm, (Eq. 2)

ml I V g/cm~ is the tipproximnte specific weight of urrinium. Unpuhlishcd surfmw soil
studies reported concentrutitms t)f urnnium rmtging from 40H [o 3359 ppm hy weight at
tme [~f these firing sites, ml unpublished surfnce ml depth dntn III unother of the firing
sites rnngcd from 560 to 4SH0 pprnurlmium hy weight, Concentrations in the verticid
directi(m rwrged t’rom 2 i{} 75 ppm hy wei ht to 3.7 m depth with the Iurgest

1!c~mccntrnti[ms in the upperm[)st (),6 m, T erefore, wr uvcrnge st)il c[mccntrnti{m t~f’72
~,pm is cxmsistmrtwilh mc:murm,lc[mcentrlr[i{ms lit firing si[es, This shows thn[ Ihc
ltriginnl estimnhxl s{mrce term t~f .15,[NH)kg mlly even he slightly h~w.
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APPLICATIONS TO WASTE MANAGEMENT

In investigations of former waste disposals sites, a frequent objective is to
determine the extent oi w iiste migration from its original location. Waste inventories m
inventory estimates provide th~ initial source term. Sampling in the vicinity of the
disposal unit can be designed to provide an estimate of the extent of the waste migration.
Pathways which might be considered significant could include 1) air, in particulate,
gaseous and vapor phases; 2) soil and sediment, with tlansport by hydrologic
mechanisms in both the horizontal (surface water) and vertical (saturated and
unsaturated, potentially multi-phase flow); 3) water transport, by runoff and snowmelt,
through irtfiltmtion, in the dissolved and suspended sediment phases. Results from
sampling are then integrated over the sampling area and compared to the original source
term estimates. When the percent of waste which has migrated is small is compared to
the original amount, then decisions can be made regarding the need and extent for future
sampling, remediation, capping, or possibly exhumation. Risk assessment can be
performed as an aid in the decision-making prmess. In some cases, the combination of
inventory analyses and prelimary sampling investig,liions coupled with mass balance
calculations and risk assessment may obviate extensive and costly waste site studies.
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Table 1.
Uranium in Air, Water, Sediment, and Soil

Units are @g (except where noted)

Standard
Min Max Mean Deviation

Air (fallout) 0.8 7.5 3.5 2.1
Soil ~top 5 cm) 1.2 66. 4.8 8.3
Runoff
- dissolved (ppb) BDL” 654 11.9+ 53.4+
- suspended sediment 0.5 404.9 51.1 157.1

Sediment
- Channel Deposits 1,0 158.1 8.6 23.0
- Bank Deposits 1.5 373.0 42.2 lCK).3
- Alluvial Fans and Point Bars 1,6 154.5 17.5 39.8

● Below Limits of Detection,
+Derived using Maximum Likelihood I%tirnators (3),


